Monitoring the buildings and ground deformations caused by natural or various anthropogenic activities are a key requirement in order to prevent damages to structures and utilities at the ground surface. In recent years the differential interferometric Synthetic Aperture Radar (DInSAR) technique has demonstrated its potential as a land and a building deformation measurement tool. Its capability has been considerably improved by using multiple SAR images acquired over the same area at different times. With these advances the DInSAR technique is becoming increasingly a very reliable quantitative geodetic tool for deformation monitoring, rather than simply a qualitative tool. In this work, eight ALOS/PALSAR (L-band 23 cm) radar scenes covering the period from November 2007 to April 2010 were used to monitor the building stability in Port-Said City, Egypt. The eight PALSAR scenes were co-registered using 125 well distributed ground control points (GCPs) with an RMS error mean of 0.029. The coregistered eight SAR data were used to generate 22 interferogram pairs and estimate the coherence of each pair. These 22 interferograms were filtered and used together with the coherence data to calculate the phase unwrapping. The 22 3D-phase-unwrapped interferogram-pairs were evaluated to discard the interferograrms that were affected by phase jumps and ramps. Since our area of interest is an urban area, the high-coherence pixels (~ 0.45 to 8) were selected for estimating the vertical displacement. Finally, both the 3-passes and persistent scatter DInSAR methods were performed to map the land and building subsidence in Port-Said City, Egypt during the investigated period. The total vertical displacement during the investigated period was found to be 17mm.
Introduction
Land subsidence is a major worldwide problem, particularly in vulnerable coastal areas such as the northern coast of Egypt. Acting together, subsidence, eustatic sea-level rise, and reduced sediment supply due to the closure of the High Aswan Dam in 1964 could potentially cause a relative rise in the sea level over the northeastern delta plain of approximately 1 m by the year 2100 (Stanley, 1988) . This incursion would submerge much of the delta in the eastern part to as far south as 30 km from the present coastline. For example, in only three coastal cities, Alexandria, Rosetta and Port Said, over two million people would be forced to abandon their homes, 214,000 jobs would be Science Target Inc. www.sciencetarget.com lost and over US $35 billion in land value, property, and tourism. Income would also be lost as a direct result of a sea level rise of 50 cm (El Raey, 1997) . Therefore, there is an urgent need to evaluate the land subsidence rate and update maps of the delta coastline position on a regular basis. Port-Said as one of the most important city and port in Egypt was chosen to estimate the land subsidence rate and evaluate its hazard in relationship with sea-level rise as well as investigating the risk of urban extension plans in the near future. Several methods are currently used for land subsidence monitoring, including leveling, total station surveys, and GPS (Schofield, 1993) . However, these techniques have limitations, primarily because they measure subsidence on a point-by-point basis.
On the other hand, space-borne differential synthetic aperture radar interferometry (DInSAR) is a technique which can measure the ground movement (or deformation) of an entire area with millimeter accuracy. It is quicker, less labor intensive and hence less expensive compared to the conventional ground-based survey methods. In the last few years a number of Synthetic Aperture Radar (SAR) SAR satellites are operating at different wavelengths, including L-band (1.30 GHz, 23 cm and 1.25 GHz, 24 cm), C-band (5.0 GHz, 6 cm), and X-band (10 GHz, 3 cm). These repeat-pass interferometric SAR (InSAR) have already proven their efficiency for ground deformation monitoring in many applications due to their high precision and high spatial resolution (Goldstein et al., 1993 , Carnec et al., 1996 , Ge et al., 2007 , Chang et al., 2005 . Thus, this work aims at estimating the land subsidence rate in Port-Said City of Egypt (Figure 1 ) using the newly established technique of differential radar interferometry and investigating the building stability in this important city. These types of measurements are helpful for providing the decision-makers with useful information for implementing sustainable development plans in Port-Said City. 
Geological Characteristics of Port-Said
Port Said City is located on the northeastern side of the Nile Delta between latitudes of 30° 50°N and 30° 30°N; longitudes 32° 0°E and 32° 30°E. The Governorate has a total area of about 1351 km 2 and is bounded by Lake Manzala from the west and Lake Malaha from the east. The area consists of Pleistocene-Holocene rocks which are subdivided by the Egyptian General Petroleum Corporation (1994) into two formations: the Mit Ghamr Formation at the base, and the Bilqas Formation at the top. The Mit Ghamr Formation is composed of thick layers of sands and pebbles at its base and shows some clay interbeds. The Bilqas Formation constitutes the top basin fill with coastal sands and deposits from the Nile floods (Ismail et al., 2010) .
The tectonic setting of the Nile Delta region occupies a key position within the plate tectonic development of the eastern Mediterranean and the Levant. It lies on the northern margin of the African Plate, which extends from the subduction zone adjacent to the Cretan and Cyprus arcs to the Red Sea where it drifted apart from the Arabian plate.
The Nile Delta has been tectonically inactive throughout the Quaternary, with the exception of small-scale earthquakes along existing minor faults. The main structural feature of the investigated area is the Pelusium Line Fault, which is a transcontinental shear zone trending northeast to southwest. Although the feature is considered active, no appreciable movement has occurred in modern times (Said, 1981) . The Pelusiac Fault extends southwest from the Levant to the southeastern part of the Mediterranean and the northwestern part of Sinai, until it ends on the eastern extent of the Nile Delta bounding the easternmost Port Said Governorate (Stanley, 2005; Stanley et al., 2008) .
SAR Datasets and Differential Interferometry Theory and Processing

ALOS/PALSAR Datasets
A total of eight L-band ALOS/PALSAR images acquired from 12 November 2007 to 4 April 2010 over Port-Said City from an ascending orbit with right looking mode and a ground resolution of 7.5 m were used in this study (Table 1 ). All ALOS data are HH polarization with level products 1.1 and 34.3° look angle. Such data were converted from the CEOS format into single-look complex (SLC) format.
Differential Interferometry SAR (DInSAR) Theory and Processing
DInSAR Theory
When the SAR system images the ground, both amplitude (strength) and phase (time) of the backscattered signals are recorded by the receiving antenna. By computing the phase difference from two SAR images acquired at different times it is possible to generate a radar interferogram, which contains information about the (static) topography and any displacement in the slant range direction that may have occurred between the two SAR image acquisition dates. However, the effect of atmospheric disturbance, orbit error and decorrelation noise should also be considered. Hence, the interferometric phase can be written as:
Science Target Inc. www.sciencetarget.com In order to estimate the displacement, all the other components should be carefully removed or accounted for. In this work, the topographic phase was removed using an independently derived digital elevation model (DEM) from two SAR images. The orbit error contribution can be corrected during SAR analysis, and the phase noise can be reduced by applying an adaptive filter. Therefore the phase due to geometric displacement of the point is given by (Zebker and Goldstein, 1986) :
Where λ = wavelength of the radar signal acquisitions in the line-of-sight (LOS) direction
The displacement vector along the LOS of the radar system is a composite of the vertical and horizontal displacement components. However, due to the lack of SAR data acquired from different viewing angles and orbit heading at a similar time period, it is not possible to derive the 3-D displacement vector. The land subsidence is most likely in the vertical direction, and hence the horizontal displacement is assumed to be negligible for the purposes of this project. Under this assumption the LOS displacement can be converted into vertical displacement: [3] Where ∆S= surface displacement in the vertical direction and θ inc = incidence angle The Permanent Scatterer interferometric approach which has been recently introduced by Ferretti et al. (2000) as a new approach to monitor surface deformation was adopted in this study. This pixelby-pixel approach uses Permanent Scatterers of sufficient spatial density that exhibit coherence over long time periods, such as man-made features, to capture the motion of the scatterers. The approach enables the exploitation of the individual phases of the Permanent Scatterers in areas of low coherence where conventional InSAR fails as a result of temporal and geometrical decorrelations, as well as atmospheric heterogeneities. 
DInSAR Processing Steps a-Data preparation
The first step was to convert the eight ALOS/ PALSAR images of the CEOS format directly to SLC format based on the information contained in the leader file. Moreover, the PALSAR data were subset to the area of interest (AOI) of Port-Said City to reduce the processing time and focus on the urban areas which have high coherence values. The second step was estimating the normal, perpendicular and temporal baselines of the ALOS/ PALSAR data which was used in this study to examine their validity for DInSAR. These baselines were calculated based on satellite orbital information. Therefore hundreds of Ground Control Points (GCPs) were selected in the field using GPS and total station and from the estimated unwrapped interferograms based on their signal stability for orbital refinement and calibration (Figure 2 ). In addition, the freeware SRTM was used as a reference Digital Elevation Model (DEM) in this study of differential interferograms estimation work (Figure 2 ).
b-ALOS/PALSAR data processing
The eight PALSAR scenes were co-registered using 125 well distributed ground control points (GCPs) with an RMS error mean of 0.029 after applying fine co-registration with 3x3 window size. These co-registered eight SAR data were used to generate 22 interferogram pairs after choosing each scene as a master and the other seven images as slaves and of course taking into account the proper perpendicular baseline and small Doppler difference between each pair. The Doppler difference should be less than half of the radar wavelength (<12cm). The next step was estimating the coherence of each pair. The coherence measures the degree of changes in amplitude and phase at the same pixels in the master and slave images. The 22 interferograms were filtered ( Figure 3 ) and used together with the coherences data to calculate the phase unwrapping. The 3D phase unwrap was performed and the 22 unwrapped interferogram pairs were evaluated to discard the interferograms that were affected by phase jumps and ramps (Figure 4) . Subsequently, the perfectly unwrapped, they were chosen for further processing for estimating the subsidence. The selected GCPs from the field were plotted on the perfectly unwrapped interferograms in order to locate the stable GCPS and discard the GCPs that are located on unstable or phase jumped areas. The finally selected GCPs were used for refinement and re-flattening the candidate unwrapped interferograms. Such refined unwrapped were finally used to convert the phase information into height and estimate the accumulated vertical displacement from November 2007 to April 2010. Figure 5 shows the first velocity estimate and the corresponding residual topography. 
Results and Interpretation
Since our research interest is the monitoring of building stability, the high-coherence pixels (~0.45 to 8) were selected for estimating the vertical displacement ( Figure 6 ). (Figure 7) . Thus the present analysis clearly shows that long-term land subsidence in Port-Said City is ongoing. A detailed time series analysis of the PALSAR interferograms and field estimation are being constructed.
Port-Said City is located in a very sensitive and fragile zone in Egypt. It is located on the border of two major plates; the African and Asian plates and on the tip of the Suez Canal which has been dug along a large fracture. More recently in, 1980, the Egyptian Government dug the Suez Canal bypass which is bounded from the south by a very large fault named Paleozoic Fault. Historically, PortSaid was close to a large lake named Manzella Lake and as a result of urban expansion, this lake underwent substantial shrinkage. Thus, most of the new buildings in Port-Said City are located on the filled land area of Manzellah Lake which makes these buildings relatively unstable. The Suez Canal Authority is cleaning the canal and its bypass and throwing the cleaning debris (mud and water) on the eastern border of the canal to form swamps and pools which might affect the soil stability. Therefore the existence of large salt pools on the eastern side of Port-Said City, in addition to the loading actions of the ships along its ports also might affect the building stability in Port-Said City. From the differential interferometry SAR measurement and the pattern of the displacements and uplifting areas, we conclude that the areas where the buildings have been constructed along the land filling of Manzallah Lake in the west of Port-Said suffer from land subsidence that might affect its stability. On the other hand, we noticed that the uplifted areas are located on the east side of Port-Said where the salt pools and the cleaning materials from the Suez Canal are found. A field campaign is planned to be done to collect more field information and use it to validate the DInSAR results.
Conclusion
Differential interferograms were generated using eight ALOS/PALSAR scenes covering the period from November 2007 to April 2010, which clearly showed deformation signals in Port-Said City. These results will be compared with the DGPS and total station measurements in the near future. Detailed analysis of PALSAR interferograms is being performed using different GCPs.
